This paper presents the investigation of influence of the common metallic loop-like accessory on the Specific Absorption Rate (SAR) averaged over 10g and 1g of body tissue. The simulations were made by means of CST Microwave Studio software at frequencies of 2.45GHz and 2.6GHz. Numerical analysis conducted using a broadband textile monopole antenna (TM) with variations of orientation and distance showed that SAR values increased when the TM is horizontally polarized. This is up to 80% more than vertically polarized TM when placed closest to the metallic item at 2 mm.
Introduction
The growing usage of mobile phones and electronic devices has raised public concerns about the possible health effects of electromagnetic (EM) radiation of these devices on user [1] . The effects of radio frequency (RF) includes the rise of the body temperature and, which potentially affects the eyes, brain and other sensitive areas [2] .
Many studies have been conducted to examine the effects of metallic objects on SAR distribution, metallic objects on the resulting SAR values [3] . A more recent study [4] found that the values of the SAR on the existence of antenna ground plane besides antenna-to-phantom is seen to be quite linearly decrease with increasing distances. However, to the best of authors' knowledge, a thorough experimental investigation of the influence of metallic body accessory on the SAR of on-body wearable antenna has yet to be reported in the open literature. It was hypothesized that the presence of metallic body accessories may affect the SAR values when the on-body wearable antenna was mounted in the close proximity to the human body. Besides, numerous studies reported that significant changes in obtained SAR values were observed when placing the metallic implant within the tissue [1, [5] [6] [7] . The presence of the implant leads to strong increase in SAR up to 30% and 13% maximum SAR occurred at 1,800 and 900 MHz [1] . On the contrary, the distance between the antenna and torso, as well as the polarization of antenna affect the level of radiation, electric (E) -field [7] .
The authors evaluated the 1g SAR when exposed to mobile phone in the vicinity of circular metallic jewelry. It was reported that 1g SAR was increased by approximately 7.4 times from 0.50 to 3.70W/kg when circular metallic jewelry is placed in-between the phantom and the RF source [8] .
Specific absorption rate
The SAR parameter is used to measure the amount of energy absorbed by a biological tissue when electromagnetic induction is present. A high SAR esteem shows a high measure of radiation absorbed by the tissue. The SAR can also be defined mathematically as shown in the following equation [9] :
where E is the electric field induced in the tissue,(V/m), σ is the conductivity of the tissue,(S/m) and ρ is the tissue density, (kg/m 3) [10] . The SAR is expressed in watts per kilogram (W/kg). The SAR limit is different in different regions and it is based on the standardization committee. In the US for mobile phones is1.6 W/kg, averaged over 1 gram of tissue. But in Europe, the SAR limit is 2.0 W/kg averaged over 10 grams of tissue [11] .
Cylindrical phantom model
In order to investigate the interaction between the antenna and the human body in the presence of metallic loop like accessory, cylindrical phantom model is used in the simulation to represent the structure of human body. Cylindrical phantom model are shown in Figure 1 . The parameters (εr, σ ) of human body tissues are defined according the standard tissue equivalent liquids recommended by the Electrical and Electronics Engineers (IEEE) and Federal Communications Commission FCC [3] . This cylindrical phantom model is used in the simulation to estimate the SAR values. Cylindrical phantom model with details different body mass index (BMI) dimensions are based on the average of six subjects with body circumferences as in shown in [12] . 
Simulation Setup
A λ⁄4 planar monopole textile antenna (TM) as the transmitting antenna is used which was based on the work presented in [12] . This wearable textile monopole has a broad bandwidth characteristic of over 700 MHz, operating from 2.3 GHz to 3.0 GHz. where ShieldIt Super is used as conducting element and felt fabric as substrate element, see Figure 3 .
(a) (b) Figure 3 : Structure and dimensions of (a) planar TM in millimeters and its (b) fabrication prototype in front and back views [13] .
Numerical simulations are conducted using CST Microwave Studio based on the Finite Integral Technique (FIT). The generic human body consists of three cylindrical bricks, representing the upper human body torso and two arms. Such type of antenna is chosen due to its partial ground plane that allows radiation towards the human body. The TM is positioned against the metallic loop-like accessory, placed on the left wrist of the generic arm at a distance of between 2 mm until 20 mm away from the phantom. The RF energy absorption is evaluated when the antenna is placed in varied distances from metallic item in two different orientations (vertical and horizontal polarizations with respect to the phantom body model). Firstly, the cylindrical phantom model is simulated with the planar λ/4 TM antenna in free space. The metallic loop like accessory is positioned 2 mm away from the cylindrical phantom as the shortest distance considering the thickness of the shirt.
The antenna input power is normalized to 1W. The simulation setup for cylindrical phantom model are shown in Figure 4 . Each simulation generated c.a. 41 million mesh cells and is executed using a workstation with an Intel ® Xeon® E5506, 2.13GHz processor, 48 GB RAM and an NVIDIA GeForce GTX 1050 Graphic Processing Unit (GPU). Figure 5 and 6 show the variations on antenna resonant frequency due to the presence of metallic loop like accessory at 2.45 GHz and 2.6 GHz respectively. It can been clearly seen that the S 11 variation depends on the distance of the antenna from the metallic loop like accessory .The worst case of S 11 is observed when TM is horizontal polarization, which is parallel to the human body model with the distance to the metallic item, i.e, 8 mm and 12 mm. Figure 5 shows the S 11 value decreases by 62% when the antenna is in vertical condition for the 8 mm distances at frequency 2.45 GHz. Whereas in Figure 6 , the decrease between with and without metallic loop like accessory for vertical polarization is 46%. S 11 value decreases when the vertically orientation at both frequencies 2.45 GHz and 2.6 GHz.
Results and discussion
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SAR for broadband TM
In this paper, the amount of energy absorbed by the body is discussed in term of 10g and 1g SAR. Figure 7 and 8 show the maximum 10g and 1g SAR value inside the human body for different antenna orientations and distances antenna from metallic item at both 2.45 GHz and 2.6 GHz. Figure 7 shows the 10g SAR value inside the human body. The lowest SAR value is observed when the antenna vertically positioned at 2.6 GHz and placed 20 mm from the metallic loop like accessory which is 0.42 W/Kg. It shows the antenna orientation could decrease the SAR value by approximately 6 times compared to horizontally case (2.66 W/Kg) at position 20 mm. At frequency 2.45 GHz, the result showed significant difference in the SAR value in position 12mm when horizontally orientation which is 7.77 W/Kg of about 10 times higher than vertically orientation antenna (0.77 W/Kg). Besides, Figure 8 shows the 1g SAR value inside the human body at distance 12 mm in horizontally orientation is 15.67 W/Kg but in vertically orientation is 1.22 W/Kg. It can be concluded that horizontally orientation of TM increases almost 81% compared to vertically orientation at frequency 2.45 GHz. Overall, it can be observed that, the SAR values remain unchanged in vertical polarization regardless of the TM distances against the metallic loop like accessory. Table 1 , the amount of energy absorbed when 10g (without metallic item) is decreasing 14% with the increasing frequency from 2.45 GHz to 2.6 GHz. In addition, the presence of metallic item produces slightest effect on SAR value when 10 g and vertically orientation. 
Conclusions
The results presented in this paper are solely based on computer simulation using commercially software CST Microwave Studio. In this work, a monopole antenna has been used as the radiating sources. This study has indicated the additional metallic loop like accessory worn on human body has an additional effect. Results have been shown that the SAR inside the human body increased due to the presence of metallic loop like accessory. Nevertheless, the SAR values are varying depending on the distance between the antenna and metallic loop like accessory. This concludes that the metallic loop-like accessory affects the SAR and the reflection coefficient of the planar wearable textile monopole. The variation of SAR value is possibly caused by the variation position and also the antenna orientation. 
